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CLEAN RELEASE, PHASE CHANGE THERMAL INTERFACE 

CROSS-REFERENCE TO RELATED CASES 

The present application claims the benefit of the filing date of U.S. Provisional 
Application Serial No. 60/263,258; filed January 22, 2001 and U.S. Provisional Application 
Serial No. 60/309,552; filed August 2, 2001. 

BACKGROUND OF THE INVENTION 


The present invention relates broadly to thermal management materials for 
*j electronic devices. Such materials commonly are used as heat transfer interfaces 

ftj between, for example, the mating heat transfer surfaces of a heat-generating, electronic 

a component, such as an integrated circuit (IC) chip, and a thermal dissipation member, 

10 such as a heat sink or spreader, for the conductive cooling of the electronic component. 
More particularly, the present invention relates to a laminar, thermally-conductive 
interface which is formed as a laminate of a first layer of a conformable phase-change 
material and a second layer of a flexible, lamellar graphite material or, alternatively, a tin 
foil material. The first layer, which may be formulated to be inherently tacky or 
15 otherwise adherable to the heat transfer surface of the dissipation member, is form stable 
in a first phase at normal room temperature but conformable to the heat transfer surface in 
a second phase within the operating temperature of the electronic component to provide a 
low thermal impedance interface with the dissipation member. The second layer, in turn, 
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is relatively compressible and thereby also relatively conformable to the heat transfer 
surface of the electronic component to provide a low thermal impedance interface 
therewith. However, the second layer is cleanly removable, i.e., without substantial 
residue, from the surface of the component for rework or otherwise. 

Circuit designs for modern electronic devices such as televisions, radios, 
computers, medical instruments, business machines, communications equipment, and the 
like have become increasingly complex. For example, integrated circuits have been 
manufactured for these and other devices which contain the equivalent of hundreds of 
thousands of transistors. Although the complexity of the designs has increased, the size 
of the devices has continued to shrink with improvements in the ability to manufacture 
smaller electronic components and to pack more of these components in an ever smaller 
area. 

As electronic components have become smaller and more densely packed on 
integrated boards and chips, designers and manufacturers now are faced with the 
challenge of how to dissipate the heat which is ohmicly or otherwise generated by these 
components. Indeed, it is well known that many electronic components, and especially 
power semiconductor components such as transistors and microprocessors, are more 
prone to failure or malfunction at high temperatures. Thus, the ability to dissipate heat 
often is a limiting factor on the performance of the component. 

Electronic components within integrated circuits traditionally have been cooled 
via forced or convective circulation of air within the housing of the device. In this regard, 
cooling fins have been provided as an integral part of the component package or as 
separately attached thereto for increasing the surface area of the package exposed to 
convectively-developed air currents. Electric fans additionally have been employed to 
increase the volume of air which is circulated within the housing. For high power circuits 
and the smaller but more densely packed circuits typical of current electronic designs, 
however, simple air circulation often has been found to be insufficient to adequately cool 
the circuit components. 

Heat dissipation beyond that which is attainable by simple air circulation may be 
effected by the direct mounting of the electronic component to a thermal dissipation 
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member such as a "cold plate" or other heat sink or spreader. The dissipation member 
may be a dedicated, thermally-conductive ceramic or metal plate or finned structure, or 
simply the chassis or circuit board of the device. However, beyond the normal 
temperature gradients between the electronic component and the dissipation member, an 
5 appreciable temperature gradient is developed as a thermal interfacial impedance or 
contact resistance at the interface between the bodies. 

That is, and as is described in U.S. Patent No. 4,869,954, the faying thermal 
interface surfaces of the component and heat sink typically are irregular, either on a gross 
or a microscopic scale. When the interfaces surfaces are mated, pockets or void spaces 
10 are developed therebetween in which air may become entrapped. These pockets reduce 
the overall surface area contact within the interface which, in turn, reduces the heat 
transfer area and the overall efficiency of the heat transfer through the interface. 
© Moreover, as it is well known that air is a relatively poor thermal conductor, the presence 

of air pockets within the interface reduces the rate of thermal transfer through the 
15 interface. 

To improve the heat transfer efficiency through the interface, a pad or other layer 
of a thermally-conductive, electrically-insulating material typically is interposed between 
the heat sink and electronic component to fill in any surface irregularities and eliminate 
air pockets. Initially employed for this purpose were materials such as silicone grease or 
20 wax filled with a thermally-conductive filler such as aluminum oxide. Such materials 
usually are semi-liquid or solid at normal room temperature, but may liquefy or soften at 
elevated temperatures to flow and better conform to the irregularities of the interface 
surfaces. 

The greases and waxes of the aforementioned types heretofore known in the art, 
25 however, generally are not self-supporting or otherwise form stable at room temperature 
and are considered to be messy to apply to the interface surface of the heat sink or 
electronic component. To provide these materials in the form of a film which often is 
preferred for ease of handling, a substrate, web, or other carrier must be provided which 
introduces another interface layer in or between which additional air pockets may be 
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formed. Moreover, use of such materials typically involves hand application or lay-up by 
the electronics assembler which increases manufacturing costs. 

Alternatively, another approach is to substitute a cured, sheet-like material in 
place of the silicone grease or wax. Such materials may be compounded as containing 
one or more thermally-conductive particulate fillers dispersed within a polymeric binder, 
and may be provided in the form of cured sheets, tapes, pads, or films. Typical binder 
materials include silicones, urethanes, thermoplastic rubbers, and other elastomers, with 
typical fillers including aluminum oxide, magnesium oxide, zinc oxide, boron nitride, and 
aluminum nitride. 

Exemplary of the aforesaid interface materials is an alumina or boron nitride- filled 
silicone or urethane elastomer which is marketed under the name CHO-THERM® by the 
Chomerics TEC Division of Parker-Hannifin Corp., 16 Flagstone Drive, Hudson, NH 
03051. Additionally, U.S. Patent No. 4,869,954 discloses a cured, form-stable, sheet- 
like, thermally-conductive material for transferring thermal energy. The material is 
formed of a urethane binder, a curing agent, and one or more thermally conductive fillers. 
The fillers, which may include aluminum oxide, aluminum nitride, boron nitride, 
magnesium oxide, or zinc oxide, range in particle size from about 1-50 microns (0.05-2 
mils). 

Sheets, pads, and tapes of the above-described types have garnered general 
acceptance for use as interface materials in the conductive cooling of electronic 
component assemblies such as the semiconductor chips, i.e., dies, described in U.S. 
Patent No. 5,359,768. In certain applications, however, heavy fastening elements such as 
springs, clamps, and the like are required to apply enough force to conform these 
materials to the interface surfaces in order to attain enough surface for efficient thermal 
transfer. Indeed, for some applications, materials such as greases and waxes which 
liquefy, melt, or soften at elevated temperature continue to be preferred as better 
conforming to the interface surfaces under relatively low clamping pressures. 

Recently, phase-change materials have been introduced which are self-supporting 
and form-stable at room temperature for ease of handling, but which liquefy or otherwise 
soften at temperatures within the operating temperature range of the electronic component 


to form a viscous, thixotropic phase which better conforms to the interface surfaces. 
These phase-change materials, which may be supplied as free-standing films, or as heated 
screen printed onto a substrate surface, advantageously function much like greases and 
waxes in conformably flowing within the operating temperature of the component under 
5 relatively low clamping pressures of about 5 psi (35 kPa). Such materials are further 
described in commonly-assigned U.S. Patent No. 6,054,198, and are marketed 
commercially under the names THERMFLOW™ T310, T443, T705, T710, T725, and 
A725 by the Chomerics TEC Division of Parker-Hannifin Corp., 16 Flagstone Drive, 
Hudson, NH 03051. Other phase-change materials are marketed commercially by the 
H» 10 Bergquist Company (Minneapolis, MN) under the tradename "HI-FLOW™," by 
q Thermagon, Inc. (Cleveland, OH) under the tradenames "T-PCM™" and by Orcus, Inc. 

+j (Stilwell, KS) under the tradename "THERMAPHASE." A phase-change material/metal 

y3 foil laminate is marketed by Thermagon, Inc. under the tradename "T-MATE™." 

JE For typical commercial application, the thermal interface material may be 

JL 1 5 supplied in the form of a tape or sheet which includes an inner and outer release liner and 
an interlayer of thermal compound. Unless the thermal compound is inherently tacky, 
J! one side of the compound layer may be coated with a thin layer of a pressure-sensitive 

adhesive (PSA) for the application of the compound to the heat transfer surface of a heat 
sink. In order to facilitate automated dispensing and application, the outer release liner 
20 and compound interlayer of the tape or sheet may be die cut to form a series of individual, 
pre-sized pads. Each pad thus may be removed from the inner release liner and bonded to 
the heat sink using the adhesive layer in a conventional "peel and stick" application 
which typically is performed by the heat sink manufacturer. 

With the pad being adhered to the heat transfer surface of the thermal dissipation 
25 member such as a heat sink or spreader, and with the outer liner in place to form a 
protective cover the outer surface of the compound layer, the dissipation member and pad 
may be provided as an integrated assembly. Prior to installation of the assembly, the 
outer release liner is removed from the compound layer, and the pad positioned on the 
electronic component. A clamp may be used to secure the assembly in place. 
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It will be appreciated, however, that further improvements in thermal interfaces 
and in the materials therefor would be well-received by the electronics industry. In this 
regard, certain applications may dictate that the interface be cleanly removable, i.e., 
without substantial residue of its constituent materials, from the surface of the electronic 
5 component for rework, repositioning, or other disassembly. Especially desired therefore 
would be a thermal interface pad, sheet, or the like which is conformable upon being 
heated in service to provide a low thermal impedance but which is also cleanly releasable 
after service from the surface of the electronic component for rework, repositioning, or 
other disassembly. 

Hj 

g 10 BROAD STATEMENT OF THE INVENTION 

=P The present invention is directed to a thermal interface for a thermal management 

assembly involving, for example, a heat source such as an electronic chip or other heat- 
generating component and a thermal dissipation member such as a heat sink or spreader 
s _ disposable in thermal adjacency with the electronic component for the conduction of heat 

\+ 15 therebetween. Particularly, the invention is directed to an interface, such as in the form of 

t-i, 

j== a sheet or pad, which is conformable to the interfacing surface of the electronic 

component and the heat sink or spreader to provide a low thermal impedance across the 
assembly, but which also is cleanly releasable from the electronic component for rework, 
repositioning, or other disassembly. 
20 Heretofore, interfaces of the type herein involved formed of materials of the 

phase-change variety generally were not specified for applications dictating a clean 
removal from the electronic component. In this regard, as a result of the flow of the 
phase-change material when the interface is heated to a temperature within the operating 
temperature of the electronic component, the interface was not able to be cleanly released 
25 from the component. Rather, solvents or mechanical means such as scraping were 
required to be employed to clean the component for rework or the like. 

The interface of the present invention, in being formed as a laminate of a first 
layer formed of a flexible, lamellar graphite material or, alternatively, a tin foil material, 
disposable in heat transfer contact with a heat transfer surface of the electronic 
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component, and a second layer formed of a phase-change material disposable in heat 
transfer contact with a heat transfer surface of a dissipation member such as a heat sink or 
spreader, is both conformable to the surfaces of the dissipation member and the 
component. However, as a result of the first layer being formed of the graphite or tin 
5 material which does not substantially flow under the temperatures and pressures herein 
involved, the interface therefore is cleanly removable from the surface of the electronic 
component without resort to chemical or mechanical means. 

Advantageously, the interface of the present invention may be removed with the 
heat sink or spreader from heat transfer contact with the electronic component without 
t! 10 having to wait for the component to cool, thus speeding manufacturing and rework such 
□ as in the case of a problem with the initial bum-in of a microprocessor. Moreover, even 

[Jj after heating, the component and heat sink or spreader may be separated easily with little 

jjf or no force with the attendant elimination of any substantial stress that otherwise would 

f y? 

be placed on the component. In contrast, even if conventional PCM's could be released 

s 

p 15 cleanly from the component, appreciable force nonetheless is required to break the 
P vacuum developed as the PCM wets the surface of the component. 

=p Unexpectedly, it has been observed that a layer of a flexible, lamellar graphite 

material may be used in conjunction with a phase-change material (PCM) to provide a 
very low thermal impedance, but cleanly releasable interface. In this regard, it is 
20 speculated that the flexible graphite material exhibits some degree of compressibility to 
allow it to better conform to the surface of the electronic component and to thereby lower 
the thermal contact resistance therebetween with the overall effect of improved heat 
transfer performance as compared to a metal-PCM laminate. 

Alternatively, a thin layer of a tin foil material may be substituted for the graphite 
25 material. As compared to metal-PCM laminates conventionally based on aluminum foil 
materials, the tin-PCM laminates of the present invention exhibits a markedly lower 
thermal impedance and correspondingly improved heat transfer performance. Such 
improved performance is believed to be surprising insofar as the thermal conductivities of 
aluminum materials are generally known and reported to be higher than those for tin 
30 materials, e.g., about 200 W/m-K for aluminum versus about 60 W/m-K for tin. Thus, 
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aluminum-PCM laminates generally would be expected to out-perform tin-PCM 
laminates in the thermal interface applications herein involved. Experimental testing, 
however, has revealed the opposite to be true. As additional advantages, by using thin 
gauge tin foils, the tin-PCM laminates of the present invention may be provided to be 
5 relatively thin and flexible, and are easier to manufacture and may be produced at a 
reduced cost as compared to other materials. 

In an illustrative embodiment, the PCM of the second layer is form-stable in a 
first phase at normal room temperature but conformable, as being melted or otherwise 
softened, to the heat transfer surface in a second phase at an elevated temperature or range 
10 within the operating temperature of the electronic component to provide a low thermal 
y impedance contact with the dissipation member even under relatively low clamping 

=P forces. Particularly, the PCM may be formulated as an admixture of a polymeric 

Ul 

yi component and one or more thermally-conductive fillers. The polymeric component may 

jjjj be a resin such as a pressure-sensitive adhesive (PSA) or thermoplastic hot-melt, a 
£ 15 paraffinic or other wax, a blend of one or more resins or one or more waxes, or a blend of 

M, one or more resins and one or more waxes. Preferably, the polymeric component is 

> formulated to be inherently tacky to enable the interface to be bondable at room 

O temperature to the surface of the heat sink, spreader, or the like without the necessity of 

ru 

heating or the provision of a separate pressure-sensitive adhesive (PSA) or other adhesive 
20 layer. The thermally-conductive filler, which may be provided as flakes, fibers, particles, 
or other particulate loaded at between 20-80% by weight, may be boron nitride, titanium 
diboride, aluminum nitride, silicon carbide, graphite, a metal such as silver, aluminum or 
copper, a metal oxide such as aluminum oxide, magnesium oxide, zinc oxide, beryllium 
oxide, or antimony oxide, or a mixture thereof. The flexible, lamellar graphite material of 
25 the first layer, in turn, may be intercalated graphite flakes which are heated and then 
molded, calendered, or otherwise formed into a sheet. The PCM may be coated onto a 
sheet of the graphite or tin foil materials herein involved, or otherwise bonded thereto by 
laminating under conditions of elevated heat and/or pressure. 

The present invention, accordingly, comprises the combination of elements and 
30 arrangement of parts and steps which are exemplified in the detailed disclosure to follow. 


-8- 


Advantages of the present invention include a thermal interface which is conformable for 
lower contact resistance and more efficient heat transfer between, for example, an 
electronic component and a heat sink, spreader, or other dissipation member within a 
thermal management assembly, but which also is cleanly releasable from the surface of 
the electronic component for rework, repositioning, or other disassembly. Further 
advantages include a thermal interface including a PCM which may be supplied in the 
form of a sheet, tape, or pad, and which is form-stable at room temperature for ease of 
handling and use. Still other advantages include a thermal interface material having a 
clean break capability from the electronic component which is not temperature dependent. 
These and other advantages will be readily apparent to those skilled in the art based upon 
the disclosure contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and objects of the invention, reference 
should be had to the following detailed description taken in connection with the 
accompanying drawings wherein: 

Fig. 1 is a perspective view of a representative thermal interface pad in accordance 
with the present invention; 

Fig. 2 is a cross-sectional view of the thermal interface pad of Fig. 1 taken through 
line 2-2 of Fig. 1; 

Fig. 3 is a perspective view showing the thermal interface of Fig. 1 as bonded to a 
plate-fin heat sink for use in a representative thermal management assembly; 

Fig. 4 is a cross-sectional view of a representative thermal management assembly 
wherein the heat sink and interface of Fig. 3 are disposed in heat transfer adjacency with a 
heat generating electronic component with the interface being interposed in conductive 
heat transfer contact with the heat sink and component to provide a low thermal 
impedance pathway therebetween; and 

Fig. 5 is a magnified view of a portion of the interface pad of Fig. 4 showing the 
morphology of the PCM thereof in enhanced detail. 


The drawings will be described further in connection with the following Detailed 
Description of the Invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Certain terminology may be employed in the description to follow for 
convenience rather than for any limiting purpose. For example, the terms "forward/' 
"rearward," "right," "left," "upper," and "lower" designate directions in the drawings to 
which reference is made, with the terms "inward," "interior," "inner," or "inboard" and 
"outward," "exterior," "outer," or "outboard" referring, respectively, to directions toward 
and away from the center of the referenced element, and the terms "radial" and "axial" 
referring, respectively, to directions perpendicular and parallel to the central longitudinal 
axis of the referenced element. Terminology of similar import other than the words 
specifically mentioned above likewise is to be considered as being used for purposes of 
convenience rather than in any limiting sense. 

In the figures, elements having an alphanumeric designation may be referenced 
herein collectively or in the alternative, as will be apparent from context, by the numeric 
portion of the designation only. Further, the constituent parts of various elements in the 
figures may be designated with separate reference numerals which shall be understood to 
refer to that constituent part of the element and not the element as a whole. General 
references, along with references to spaces, surfaces, dimensions, and extents, may be 
designated with arrows. 

For the illustrative purposes of the discourse to follow, the clean release interface 
of the invention herein involved is described in connection with its use within a thermal 
management assembly as a pad adhered to a heat transfer surface of a thermal dissipation 
member such as a heat sink for heat transfer contacting with a mating heat transfer 
surface of a electronic component. Such assemblies and thermal interface materials 
therefor are elsewhere described in U.S. Patent Nos. 6,096,414; 6,054,198; 5,798,171; 
5,766,740; 5,679,457; 5,545,473; 5,533,256; 5,510,174; 5,471,027; 5,359,768; 5,321,582; 
5,309,320; 5,298,791; 5,250,209; 5,213,868; 5,194,480; 5,137,959; 5,167,851; 5,151,777; 
5,060,1 14; 4,979,074; 4,974,1 19; 4,965,699; 4,869,954; 4,842,91 1; 4,782,893; 4,764,845; 
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4,685,987; 4,654,754; 4,606,962; 4,602,678; 4,473,113; 4,466,483; 4,299,715; and 
3,928,907. It will be appreciated, however, that aspects of the present invention, which 
alternatively may be provided in the form of a tape or sheet, may find use in other thermal 
management applications. Use within those such other applications therefore should be 
5 considered to be expressly within the scope of the present invention. 

Referring then to the drawings wherein corresponding reference numbers are used 
to designate corresponding elements throughout the several views, a representative 
thermal-conductive interface pad in accordance with the present invention is shown 
generally at 10 in perspective in Fig. 1 and in cross-section in Fig. 2. Within a thermal 
^ 10 management assembly, pad 10 is interposable intermediate, for example, a pair of 
O opposing heat transfer surfaces, such as from a heat sink or spreader and a heat-generating 

SS5 

sgsa 

jjj electronic component (see Fig. 4) to provide a low impedance, thermally-conductive 

*! pathway therebetween. In this regard, a first interface surface, referenced generally at 12, 

fy 

£ of pad 10 is disposable in conductive heat transfer contact with one of the heat transfer 

2 

□ 15 surfaces, with an opposing second interface surface, referenced generally at 14, of the pad 
l2 10 being disposable in conductive heat transfer contact with the other of the heat transfer 

surfaces. 

Pad 10, which may have an overall thickness, referenced at "T" in the cross- 
sectional view of Fig. 2, of between about 4 mils or less and about 40 mils (100-1000 
20 ]um), may be provided in the form of, or as formed from, a sheet, roll, tape, die-cut part, 
or the like. In basic construction, pad 10 is a laminate of a first layer, 20, formed of a 
thermally-conductive, flexible, lamellar graphite or tin foil material, and a second layer, 
22, formed of a thermally-conductive, PCM. 

For most applications, first layer 20 with have thickness, referenced at "ti" in Fig. 
25 2, of between about 1 mil or less and about 20 mils (25-500 ^im), with second layer 22 
having a thickness, referenced at in Fig. 2, for most applications of between about 2- 
20 mils (50-500 nm). In such configuration, pad 10 generally will exhibit a thermal 
impedance, such as in accordance with ASTM D5470, of less than about 1 °C-in /W (6 
°C-cm 2 /W), and typically less than about 0.2 °C-in 2 /W (1.2 °C-cm 2 /W) and preferably not 
30 more than about 0. 1 °C-in 2 /W (0.6 °C-cm 2 /W). 
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As is shown in the different views of Figs. 1 and 2, first layer 20 has a first 
interior surface, 24, and an opposing first exterior surface, 26, which defines the first 
interface surface 12. First exterior surface 26 is provided in accordance with the precepts 
of the present invention as a conformable yet cleanly releasable surface for contact with 
5 one of the heat transfer surfaces of the management assembly (Fig. 4). Second layer 22, 
which may be coated on, bonded to, or otherwise joined and made integral with a sheet of 
the first layer 20 to provide the laminar structure of pad 10, has a second interior surface, 
28, joined to the first interior surface 24, and an opposing second exterior layer 30. 
Second exterior layer 30 defines the second interface surface 14 of pad 10, and is 

tt 10 adherable or otherwise bondable to the other one of the heat transfer surfaces of the 

O 

O management assembly as will be detailed hereinafter in connection with Fig. 3. 

J The lamellar, flexible graphite material of the first layer 20 may be provided as 

~ formed of intercalated graphite flake which is a rolled, calendered, molded, or otherwise 

compressed to form a sheet without the use of a binder. Such materials advantageously 
15 exhibit thermal stability, chemical resistance, low creep relaxation, and a relatively a high 
thermal conductivity in the "z" or "through sheet" direction of greater than about 7 W/m- 


K and a correspondingly low thermal impedance of between about 0.03-0.15 °C-in AV 
(0.18-0.9 °C-cm 2 /W) at thicknesses of between about 5-20 mils (125-500 urn). Such 
materials, moreover, in being flexible, resilient, and compressible, are thereby able to 

20 conform to surface irregularities for lower thermal contact resistance and more efficient 
and faster heat transfer through the interface. Lamellar, flexible graphite sheet materials 
of the type herein involved are described further in U.S. Patent No. 3,404,061, and are 
marketed commercially under the tradename "GRAFOIL®" by Graftech, Inc., Cleveland, 
OH. One suitable material is Grafoil® Grade T705 having a thickness about 5 mils (125 

25 urn). 

Alternatively, the thin, flexible tin material of the first layer 20 may be provided 
as formed of a tape, sheet or other layer of a relatively thin-gauge tin foil having, for 
example, a thickness of between about 1 mil or less and about 5 mils (25-125 urn) and, 
preferably, about 1 mil (25 |im) or less. Such materials typically will exhibit a thermal 
30 conductivity in the "z" or "through sheet" direction of about 60 w/m-K. 
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The thermally-conductive PCM of the second layer 22 may be formulated as a 
blend of a polymeric component and a thermally-conductive filler. By "phase-change," it 
is meant that the material is form-stable at normal room temperature, i.e., about 25°C, in 
a solid, semi-solid, glassy, or crystalline first phase, but is substantially conformable at an 
5 elevated temperature or temperature range in a liquid, semi-liquid, or otherwise viscous, 
generally-thixotropic second phase. Unlike conventional greases or waxes, PCM layer 22 
advantageously is form-stable at normal room temperature such that pad 10 may be 
shipped and handled without causing the PCM to slump, sag, or run. 

The phase transition temperature of the material, which may be its melting or 

10 glass transition temperature from a form stable first phase to a flowable second phase, is 
preferably between about 40-80°C, and is tailored to fall within the operating temperature 
of most electronic components. Particularly, the polymeric component may be a resin 
such as an acrylic, acrylamide, or copolymer or blend thereof, a pressure-sensitive 
adhesive (PSA), or a thermoplastic hot-melt such as a polyolefin, polyamide, 

15 polycarbonate, polyester, ethylene vinyl acetate, polyvinyl acetate, polyimide, or copolymer 
or blend thereof, a paraffinic or other wax, a blend of one or more such resins or one or 
more such waxes, or a blend of one or more resins and one or more waxes. Preferably, 
the polymeric component is formulated to be inherently tacky, such as by control of glass 
transition temperature, surface energy, viscosity, or other physical or chemical property, 

20 to enable the interface 10 to be bondable at room temperature under a moderate applied 
pressure of between about 5-50 psi (35-350 kPa) to the surface of the heat sink, spreader, 
or the like without the necessity of heating or the provision of a separate pressure- 
sensitive adhesive (PSA) or other adhesive layer. 

The polymeric component generally forms a binder into which the thermally- 

25 conductive filler is dispersed. The filler is included within the binder in a proportion 
sufficient to provide the thermal conductivity desired for the intended application, and 
generally will be loaded at between about 20-80% by total weight of the PCM. The size 
and shape of the filler is not critical for the purposes of the present invention. In this 
regard, the filler may be of any general shape including spherical, flake, platelet, irregular, 

30 or fibrous, such as chopped or milled fibers, but preferably will be a powder or other 
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particulate to assure uniform dispersal and homogeneous mechanical and thermal 
properties. The particle size or distribution of the filler typically will range from between 
about 0.01-10 mil (0.25-250 \xm), but may further vary depending upon the thickness of 
layer 22. The filler preferably is selected as being electrically-nonconductive such that 
layer 22 may provide a dielectric or electrically-insulating, but thermally-conductive 
barrier when interposed between an electronic component and a thermal dissipation 
member. Alternatively, the filler may be electrically-conductive in applications where 
electrical isolation is not required. 

Suitable thermally-conductive fillers include boron nitride, titanium diboride, 
aluminum nitride, silicon carbide, graphite, metals such as silver, aluminum, and copper, 
metal oxides such as aluminum oxide, magnesium oxide, zinc oxide, beryllium oxide, 
and antimony oxide, and mixtures thereof. Such fillers characteristically exhibit a 
thermal conductivity of about 25-50 W/m-K. For reasons of economy, an aluminum 
oxide, i.e., alumina, may be used, while for reasons of improved thermal conductivity a 
boron nitride would be considered more preferred. Loaded with the thermally-conductive 
filler, the PCM typically will exhibit a thermal conductivity, per ASTM D5470, of 
between about 0.1-5 W/m-K and a thermal impedance, also per ASTM D5470, of less 
than about 1 °C-in 2 /W (6 °C-cm 2 /W). 

Additional fillers and additives may be included in the PCM formulation 
depending upon the requirements of the particular application envisioned. Such fillers 
and additives may include conventional wetting agents or surfactants, opacifying or anti- 
foaming agents, chain extending oils, tackifiers, pigments, lubricants, stabilizers, flame 
retardants such as decabromodiphenyl oxide, and antioxidants. The PCM formulation 
may be compounded in a conventional mixing apparatus. 

In an illustrative embodiment, the PCM of layer 22 may be formulated as a form- 
stable blend of: (a) between about 25-50% by weight of a pressure sensitive adhesive 
(PSA) component having a melting temperature of between about 90-100°C; (b) between 
about 50% and about 75% by weight of an a-olefinic, thermoplastic component having a 
melting temperature of between about 30-60°C; and (c) between about 20-80% by weight 
of alumina or boron nitride particles. "Melting temperature" is used herein in its broadest 
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sense, and as interchangeable with "melting point," "softening temperature," and 
"softening point" to indicate a transition from a form-stable crystalline or glassy solid 
phase to a flowable liquid, semi-liquid, or otherwise viscous, thixotropic phase or melt 
which may be generally characterized as exhibiting intermolecular chain rotation. In this 
regard, the specified components typically will exhibit the stated softening or melting 
points as determined by means of differential scanning calorimetry (DSC) or differential 
thermal analysis (DTA). For amorphous materials not having a clearly defined melting 
peak, the term melting temperature also is used interchangeably with glass transition 
point at which the such materials may be characterized as exhibiting intramolecular chain 
rotation. 

The PSA component generally may be of an acrylic-based, hot-melt variety such 
as a homopolymer, copolymer, terpolymer, interpenetrating network, or blend of an 
acrylic or (meth)acrylic acid, an acrylate such as butyl acrylate or other alcohol ester, 
and/or an amide such as acrylamide. The term "PSA" is used herein in its conventional 
sense to mean that the component is formulated has having a glass transition temperature, 
surface energy, and other properties such that it exhibits some degree of tack at normal 
room temperature. Acrylic hot-melt PSAs of such type are marketed commercially by 
Heartland Adhesives, Germantown, WI, under the trade designations "H600" and 
"H251." 

The ct-olefinic thermoplastic component preferably is a polyolefin which may be 
characterized as a "low melt" composition. A representative material of the preferred 
type is an amorphous polymer of a Cio or higher alkene which is marketed commercially 
by Petrolite Corporation, Tulsa, OK, under the trade designation "VYBAR® 260." 

By varying the ratio of the PSA to the thermoplastic component within the 
specified limits, the thermal and viscometric properties of the PCM formulation may be 
tailored to provide controlled thermal and viscometric properties. In particular, the phase 
transition temperature and melt flow index or viscosity of the formulation may be 
selected for optimum thermal performance with respect to such variables as the operating 
temperature of the heat generating electronic component, the magnitude of any applied 
external pressure, and the configuration of the interface. Generally, a phase transition 
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temperature of between about 40-80°C is considered preferred for the interface material 
of the present invention. 

In an alternative embodiment, a paraffinic wax or other natural or synthetic ester 
of a long-chain (Ci6 or greater) carboxylic acid and alcohol having a melting temperature 
of from about 60-70°C may be substituted for the thermoplastic and PSA components to 
comprise about 20-80% by weight of the formulation. A preferred wax is marketed 
commercially by Bareco Products of Rock Hill, SC, under the trade designation 
"Ultraflex® Amber," and is compounded as a blend of clay-treated microcrystalline and 
amorphous constituents. In alternative, non-phase changing embodiment, the binder 
component is provided as cured silicone, urethane, or acrylic material. 

In the production of commercial quantities of pad 10, the PCM of layer 22 may be 
compounded as an admixture of the polymeric components and thermally-conductive 
fillers under conditions of high shear in a roll mill or other mixer. After compounding, 
the admixture may be thinned with a solvent or other diluent or, in the case of a "hot- 
melt" formulation, heated to a temperature above the melting or glass transition 
temperature of the formulation. Thereafter, the PCM material may be coated on the 
interior surface 24 of first layer 20 in a conventional manner such as, for example, by a 
direct process such as spraying, knife coating, roller coating, casting, drum coating, 
dipping, dispensing, extrusion, screen printing, or like, or an indirect transfer process. 
After coating, the resultant material may be dried to flash the solvent or otherwise cured 
or cooled to develop an adherent film, coating, or other residue of the second layer 22 on 
the first layer 20. As a result of the inherent tack of the PCM or the flow thereof, an 
adhesive and/or mechanical bond may be developed between the first and second layers 
20 and 22 to form the integral, laminate structure of pad 10. Alternatively, the second 
layer 22 may be separately formed and laminated under conditions of elevated 
temperature and/or pressure to the first layer 20 in a separate operation. 

Although not required, a carrier or reinforcement member (not shown in Figs. 1 
and 2) optionally may be incorporated within layer 22 as an interlayer therewithin or 
intermediate layers 20 and 22 to provide increased tear resistance. Conventionally, such 
member may be provided as a film formed of a thermoplastic material such as a 
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polyimide or polyetheretherketone (PEEK), a layer of a woven or non-woven, e.g., 
needled, fiberglass fabric, cloth, web, or mat, or an aluminum or other metal foil, screen, 
or expanded mesh. Such reinforcement may improve the physical strength of the layer 22 
and pad 10 to better facilitate handling at higher ambient temperatures and die cutting 
into a variety of geometries. The reinforcement member typically will have a thickness of 
between about 0.5-5 mil (12.5-125 jum), with a thickness of about 2 mil (50 urn) being 
preferred for metal foils. 

To the extent that the PCM of the second layer 22 is substantially non-tacky, i.e., 
having a dry or dead tack at room temperature, a separate PSA layer (not shown in Figs. 1 
and 2) may be provided on the exterior surface 30 thereof as a coating or the like having a 
thickness, for example, of between about 0.05-2 mil (1.25-50 ^im). Depending upon the 
composition or surface energy of the heat transfer surface to which pad 10 is to be 
applied, such PSA layer may be formulated as a silicone or acrylic-based PSA component 
or resin optionally blended with a thermally-conductive filler. The term "PSA" is used 
herein in its conventional sense to mean that the composition is formulated has having a 
glass transition temperature, surface energy, and other properties such that it exhibits 
some degree of tack at normal room temperature. Generally, the PSA material will be 
selected to exhibit a lap or die shear adhesion, according to ASTM D1002 or Chomerics 
Test Procedure No. 54 (Parker Chomerics Division, Woburn, MA), respectively, of at 
least about 100 psi (0.7 MPa) to the substrate. Such adhesion may be developed from 
valence forces, mechanical interlocking action, or a combination thereof. 

The acrylic-based PSA component may be a homopolymer, copolymer, 
terpolymer, interpenetrating network, or blend of an acrylic or (meth)acrylic acid, an 
acrylate such as butyl acrylate or other alcohol ester, and/or an amide such as acrylamide. 
The silicone-based PSA component may include a dry or wet film silicone resin or gum. 
Depending upon the formulation, the respective acrylic or silicone-based PSA 
components may form a binder into which the thermally-conductive filler is dispersed. 
The filler generally is loaded in the binder in a proportion sufficient to provide the 
thermal conductivity desired for the intended application, and may be of the type 
described hereinbefore in connection with PCM layer 22. 
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With continuing reference to Figs. 1 and 2, for ease of handling and as a 
protective layer for shipping, a release liner, 40, may be provided over the PSA layer or, 
in the case of an inherent tacky PCM, over the exterior surface 30 of second layer 22. 
Exemplary release liners include face stocks or other films of polyolefins, plasticized 
polyvinyl chloride, polyesters, cellulosics, metal foils, composites, and waxed, 
siliconized, or other coated paper or plastic having a relatively low surface energy to be 
removable without appreciable lifting of the second layer 22 from the first layer 20. 
Depending upon the intended application or otherwise for automated dispensing, 
individual pre-cut pads 10 may be provided in a roll form as carried on a tape of the liner 
40. Alternatively for automated application, a continuous tape of pad 10 may be supplied 
by adhering or otherwise laminating a tape of liner 40 to a length thereof. 

Turning next to Figs. 3 and 4, the use of pad 10 of the invention is illustrated in 
connection with the thermal management assembly referenced generally at 50 in Fig. 4 
which includes a thermal dissipation member, 52, having a heat transfer surface, 54, 
which is disposed in conductive heat transfer adjacency with an opposing heat transfer 
surface, 56, of a heat-generating analog, digital, or other electronic component, 58, 
supported on an associated printed circuit board (PCB) or other substrate, 59. For 
illustrative purposes, thermal dissipation member 52 is shown to be a heat sink which 
may be of a plate-fin variety having a generally planar base portion, 60, from which 
extends a plurality of cooling fins, one of which is referenced at 62. Alternatively, 
thermal dissipation member 52 may be provided as a pin fin or other heat sink, heat 
exchanger, cold plate, or heat spreader structure, or even a printed circuit board, housing, 
or chassis. Dissipation member 52 typically will be formed of a ceramic material such as 
alumina, or a metal material such as aluminum or copper having a heat capacity relative 
to that of component 58 to be effective is dissipating thermal energy conducted or 
otherwise transferred therefrom. 

With reference to Fig. 4, electronic component 58 may be an integrated 
microchip, microprocessor, transistor, or other power semiconductor device, an ohmic or 
other heat-generating subassembly such as a diode, relay, resistor, transformer, amplifier, 
diac, or capacitor, or, alternatively, another heat-generating source. Typically, component 
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58 will have an operating temperature range of from about 60-100°C. For the electrical 
connection of component 58 to board 59, one or more pair of solder balls, leads, or pins, 
one pair of which is referenced at 70a-b, are provided as extending from component 58 
into a soldered or other connection with board 59. Leads 70 additionally may support 
component 58 above board 59 to define a gap, represented at 72, of about 3 mils (75 
microns) therebetween. Alternatively, component 58 may be received directly on board 
59. 

Returning again to Fig. 3, with liner 40 (Figs. 1 and 2) removed to expose, in the 
case of an inherently tacky PCM, the exterior surface 30 of second layer 22, pad 10 may 
be adhered at room temperature and under a moderate applied pressure of between about 
5-50 psi (35-350 kPa), or otherwise bonded or attached to the heat transfer surface 54 of 
the dissipation member 52. In this regard, and as aforementioned, pad 10 may be die cut 
or otherwise cut to size from a larger sheet or from a roll or other length of tape stock. 

With the applied pad 10, dissipation member 52 may be packaged and shipped as 
an integrated unit to an electronics manufacturer, assembler, or other user. The user then 
simply may position the exposed exterior surface 26 of first layer 20 on the heat transfer 
surface 56 of electronic component 58, and lastly apply a clip, clamp, screw, or other 
another means of external pressure (not shown) to dispose the dissipation member 52 in 
thermal adjacency with the component 58 as is shown in Fig. 4. 

With continuing reference to Fig. 4, within assembly 50, pad 10 provides a low 
impedance conductive pathway for the transfer of heat from component 58 to dissipation 
member 52. Such pathway may be employed without or in conjunction with convective 
air circulation for effecting the cooling of component 58 and ensuring that the operating 
temperature thereof is maintained below specified limits. Although thermal dissipation 
member 52 is shown to be a separate heat sink member, board 59 itself may be used for 
such purpose by alternatively interposing pad 10 within the gap 72 between board surface 
80 thereof and the opposing surface 82 of electronic component 58. 

As mentioned, the thermally-conductive PCM of second layer 22 is formulated to 
be form-stable at normal room temperature, i.e., about 25°C, in a first phase, which is 
solid, semi-solid, glassy, or crystalline, but to be substantially conformable in service in a 
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second phase, which is a liquid, semi-liquid, or otherwise viscous, generally-thixotropic 
melt, to the heat transfer surface 54 of dissipation member 52. The phase transition 
temperature of the PCM, which may be its melting or glass transition temperature, is 
preferably between about 40-80°C, and generally is tailored to fall within the operating 
5 temperature of electronic component 5 8 . 

Further in this regard, reference may be had to Fig. 5 wherein an enlarged view of 
a portion of pad 10 referenced at 90 in Fig. 4 is shown to detail the morphology thereof 
during the energization of electronic component 58 effective to heat the pad 10 to a 
temperature which is above the phase transition temperature of the PCM which forms 

[f 10 second layer 22. Second layer 22 accordingly is shown to have been melted or otherwise 

P 

Q softened from a form-stable solid or semi-solid phase into a flowable or otherwise 

conformable liquid or semi-liquid viscous phase which may exhibit relative 
intermolecular chain movement. Such viscous phase provides increased surface area 
*P contact with the heat transfer surface 54 of dissipation member 52 for the exclusion of air 

q 15 pockets or other voids therefrom and a resultant improvement in both the efficiency and 
the rate of heat transfer through the pad 10. Moreover, as depending on, for example, the 
=p melt flow index or viscosity of the PCM and the magnitude of any externally-applied 

m pressure such as from a clamp or clip, the interface gap between the heat transfer surfaces 

54 and 56 may be narrowed to further improve the efficiency of the thermal transfer 
20 therebetween. Any latent heat associated with the phase change of the PCM forming 
second layer 22 additionally contributes to the cooling of component 58. However, as the 
lamellar graphite or the tin foil material of first layer 20 is substantially unaffected by the 
heating of the pad 10, the exterior surface 26 of the first layer 20 advantageously may be 
released cleanly, i.e., without substantial residue, from the heat transfer surface 56 of the 
25 component 58 for rework or other disassembly of the assembly 50. 

The Examples to follow, wherein all percentages and proportions are by weight 
unless otherwise expressly indicated, are illustrative of the practicing of the invention 
herein involved, but should not be construed in any limiting sense. 
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EXAMPLES 


EXAMPLE 1 

A 5 mil (125 |im) thick layer of a boron-nitride filled PCM compound 
(Thermflow™ T725, Chomerics TEC Division, Parker Hannifin Corp., Hudson, NH) 
having a phase change temperature of about 58°C, a thermal impedance of about 0.03 °C- 
in 2 /W (0.18 °C-cm 2 /W) at about 50 psi (350 kPa), and an apparent thermal conductivity 
of about 0.7 W/m-K was laminated to one surface of a 5 mil (125 jxm) thick sheet of a 
flexible graphite material (Grafoil® T705, Graftech, Inc., Cleveland, OH) having a 
thermal impedance of about 0.03 °C-in 2 /W (0.18 °C-cm 2 /W) at about 50 psi (350 kPa), 
and an apparent thermal conductivity of greater than about 7 W/m-K in the "z" or 
"through sheet" direction. 

The thermal impedance of a sample of the interface material so prepared was 
determined using a modified ASTM D5470 procedure. A thermal impedance value of 
0.091 °C-in 2 /W (0.546 °C-cm 2 /W) was measured which compares favorably to the 
reported values of commercial metal foil-PCM laminates of between about 0.12-0.33 °C- 
in 2 /W (0.72-1.98 °C-cm 2 /W). 

EXAMPLE 2 

A layer of the Thermflow™ T725 PCM used in Example 1 was laminated to one 
surface of a 1 mil (25 urn) thick sheet of a flexible tin foil. The thermal impedance of 
this laminate was determined using a modified ASTM D5470 procedure. Comparative 
laminate samples also were prepared by coating the T725 PCM onto varying thickness of 
aluminum and copper foil, and on the Grafoil® T705 material used in Example 1. The 
results are shown in Table 1 below. 
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TABLE 1 

Thickness (mils (urn)) Impedance (C-in 2 /W (°C-cm 2 /W)) 


Sample 

PCM 

Substrate 

Total 

10 psi (70 KPa) 

20 psi (140 KPa) 

Aluminum 

5.5(140) 

1( 25) 

6.5(165) 

0.19 (1.22) 

0.12 (0.77) 

Aluminum 

3.5 ( 89) 

1( 25) 

4.5(114) 

N/A 

0.08 (0.52) 

Aluminum 

9 (229) 

1( 25) 

10 (254) 

0.203 (1.31) 

0.125 (0.81) 

Aluminum 

5 (127) 

2( 51) 

7 (178) 

N/A 

0.16 (1.02) 

Aluminum 

5 (127) 

3( 76) 

8 (203) 

N/A 

0.18 (1.16) 

Grafoil® 

5 (127) 

3( 76) 

8 (203) 

0.144 (0.93) 

0.087 (0.56) 

Grafoil® 

5 (127) 

5(127) 

10 (254) 

0.151 (0.97) 

0.12 (0.77) 

Copper 

5 (127) 

1( 25) 

6 (152) 

N/A 

0.18 (1.16) 

Tin 

5.5(140) 

1( 25) 

6.5(165) 

0.145 (0.99) 

0.093 (0.60) 

Lead 

4.5(114) 

2( 51) 

6.5 (165) 

0.135 (0.87) 

0.102 (0.66) 


These data show that for similar thicknesses of the metal and PCM layers, a tin 
foil-PCM laminate according to the present invention exhibits improved thermal 
performance over a conventional aluminum foil-PCM laminate. 

As it is anticipated that certain changes may be made in the present invention 
without departing from the precepts herein involved, it is intended that all matter 
contained in the foregoing description shall be interpreted as illustrative and not in a 
limiting sense. All references cited herein are expressly incorporated by reference. 
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